In a previous work the development of photosystem H atvity dunng the greening process of the y-1 mutant of Cklamydomonas reinhardi was sudied (Cahen, Malkn, Shochat, 
I development conits of two partaly overlpping phases: (a) reorg nization and integration of preexitng units; nd (b) addition of newly formed units to the growing membranes.
In the present work an attempt was made to study these two processes independently. TI wa achieved u_ig two experimental systems: (a) cefls of the y-1 mutant, greened in the presence of cdloramphenicol (CAP), whose actvity is repaed under conditions whicb prevent further chlorophyll synthesis and membrane growth (dark or light with addition of cydobeximide ICHC ); (b) greening cels of a pale mutant derived from y-1 in whic chibropbst membranes are formed gradualy during several cell divisions.
In both systems different parameters of 2,6-dicboropbenolindopbenol reduction, as wel as fluorescence, were measured. ITe redsu are interpreted us_g a kinetic model reported pevioul. It is concluded that during repair of pbotosynthetic actvity in inctive membranes which were formed previoudy in the presence of chiorampbenicol, photosystem II reaction center are formed and integrated in preexiing membranes. In tde pale green mutat there is complete de novo synthesis of units of constant cmposiion which are added during formation of new chbroplst e es.
Cells of Chlamydomonas reinhardi (y-1) mutant lose their
Chl as well as their entire photosynthetic membrane system when grown for several generations in the dark (9) . Following renewed illumination, Chl and membrane synthesis is resumed and accompanied by the build-up of photosynthetic ability (greening process) which is accomplished in the absence of cell division (6, 11) .
Recently we analyzed the development of PSII activity during the greening process of this mutant using fluorescence induction measurements and determination of the quantum yield, flash yield, and maximal rate (under saturating light conditions) of PSII-mediated electron transport (2) . We hoped that by meas-I This work was supported at the Hebrew University by United States-Israel Binational Science Foundation Grant 184 awarded to I. 0.
uring simultaneously partially overlapping reactions of PSII it would be possible to get detailed information on the process of synthesis and assembly of PSII units. From the experimental results and parameters derived therefrom, we concluded that the greening process in this mutant consists of two somewhat superimposed phases: a phase of interconnection and reorganization of preexisting units followed by a phase of addition of complete active units.
The aim of this work was to study these two processes separately. It has been reported previously that dark-grown C. reinhardi cells can green in the presence of CAPr which prevents the synthesis of chloroplast-made polypeptides (6) required for development of photosynthetic activity (4). Thus, membranes are formed containing near normal amounts of Chl but lacking photosynthetic activity. Such membranes can regain their activity if protein synthesis in the chloroplast is allowed to occur following removal of the drug (repair process). It is possible to achieve this repair without any additional Chl synthesis (4, 11) if the cells are incubated in the dark or, alternatively, in the light but in the presence of CHI. This drug prevents both synthesis of membrane proteins of cytoplasmic origin and of Chl (4, 6) . Thus, the repair process could be followed without interference from new Chl synthesis and membrane growth. This system offers the opportunity to study the formation of the photosynthetic units and their integration into a preexisting membrane (4) .
A different model for a developing system in which the main phase is that of membrane growth by addition of newly synthesized and completely integrated membrane components, including Chl, is a pale green mutant derived from the y-1 cells (ylp). In this mutant the greening process is extremely slow as compared to that of the y-1 cells and extends through several generations.
The results obtained in this work from the analysis of PSII parameters for the repair process of the y-1 mutant fit nicely with the concept of synthesis of PSII units which are coupled to a preexisting pool of light-harvesting Chl. These results are distinctly different from those obtained for the greening of the y-lp mutant, or the second phase of the ordinary greening of the y-1 mutant.
MATERIALS AND METHODS C. reinhardi y-1 and y-lp mutants were grown in semicontinuous cultures on a mineral medium with acetate as the sole (4, 6) .
The second step (incubation in absence of CAP) of the above procedure, where photosynthetic activity is gradually built up, will be referred to as "repair." The greening of the y-lp cells was carried out by exposing to light dark-grown cells and allowing them to divide for several generations (several days), without any drug addition.
Measurement of Photosynthetic Activity. Activity was measured with crude cell-free chloroplast membranes, as previously described (2) . For DCIP reduction the reaction mixture con- For fluorescence induction measurements the exciting light (4-6 x 10-9 nE cm-2 sec-') was filtered through a 520 to 640 nm broad band Balzer's filter and a Schott OG-590 cut-off filter. The photomultiplier received light through a 685 nm Baird Atomic interference filter of a very low intrinsic fluorescence. The signal was displayed on a Tektronics 564 oscilloscope equipped with a memory screen. Far red light was given between measurements on the same sample using a 726 nm Baird Atomic interference filter. When DCMU was used, it was added after the far red illumination. The opening time of the shutter was 2 to 3 msec. For measurements of the fast and slow phases of fluorescence induction a time scale of 10 to 20 msec/ division and of 0.1 to 1 sec/division were used, respectively. All measurements were done at room temperature.
Chl was quantitated as described by Vernon (10 Figure 4 gives a summary of the variation of all of the measurable parameters (left) available to us and relevant to PSII. This histogram also summarizes the changes during development of parameter values which are computed from the measurables and which are related to the intrinsic properties of the photosynthetic unit (right). The definition of all of these parameters follows our previous definition (2) and is summarized for convenience in Table I mal Chl content reached is lower (7-10 ,ug/107 cells) as compared with that of the Chl content in the y-1 and wild type cells (25-50 ,ug Chl/l07 cells) (2, 9).
Development of PSI1 Activity during Greening of y-lp Mutant Cells. The maximal rate of DCIP reduction per Chl increases as a function of Chl concentration in the y-lp cells when these are kept in continuous cultures for three to four generations. The increase in quantum yield is rather similar to that of the maximal rate ( Fig. 5; cf. also Fig. 6 ). In Figure 6 typical results are shown of the changes in additional measured parameters, including those obtained from fluorescence induction experiments. The changes are again shown in the form of a histogram and compared to those occurring during greening of the y-1 mutant (2). Figures 4 and 6 can be compared using Table II , in which the final values for the parameter obtained for the various experimental systems are summarized. All of the observable and derived parameters from the fluorescence induction measurements fluctuate slightly around a constant value. The effective photosynthetic unit size increases (3X) as the Chl content per cell rises. DISCUSSION Previously it has been shown that chloroplast membranes of C. reinhardi y-I formed in the presence of CAP are photosynthetically inactive (4, 7). Since such membranes contain many of the electron transport carriers, such as Cyt f, plastocyanin, and ferredoxin (6) in almost normal amounts, as well as Chl a and b and most of the major membrane polypeptides (4, 5) , it was suggested that their lack of activity is due to the absence of the PSII and PSI reaction centers (7) . The activity of the PSII complex was shown to be associated with the presence of several membrane polypeptides whose synthesis is inhibited by CAP and which are thought to be synthesized in the chloroplast (1, 8) . Thus, the repair of PSII activity in CAP-treated cells was explained as being due to synthesis and insertion of polypeptides connected with the formation of the PSII reaction center. The results of the present study demonstrate that this is indeed the case. This conclusion is based on the fact that during the repair process, the number of PSII reaction centers increases.
At the same time, the dark-adapted fluorescence level (Fl/Chl) decreases, indicating that the Chl which is already present in the membrane is being integrated into active units as soon as they are formed.
Our analysis gives us the possibility of distinguishing between reaction centers active only in primary charge separation (which is not connected to the main electron transfer chain of PSII, i.e., electron transfer from H20 to DCIP), and reaction centers which are active in electron transport to the plastoquinone pool. This distinction is indicated by the ratio of the fast component of the variable fluorescence rise (similar to the rise in the presence of DCMU) to the total variable fluorescence extent (F.fIF,). In the repair process in the light there is a It is interesting to note that while in the greening of y-1 cells the effective PSU size was practically constant for most of the greening process, except for the initial phase when it decreased severalfold (2), here in the slow greening of the y-lp cells the effective PSU size increased, as in the slow greening of a mutant of Chlorella studied by Dubertret and Joliot (3).
Earlier we consideed that the development of PSII activity in the C. reinhardi y-1 mutant consists of two processes, namely reorganization and integration of PSII units as well as addition of complete units, formed de novo. to the developing membrane. These two processes partially overlap in time, the former prevailing during the initial phase of the greening, and the latter dominating the linear phase of Chl and membrane accumulation (2). The two experimental systems described here demonstrate the possible existence of these phases separately, each in its own system. In the CAP-treated y-1 cells, reorganization and integration occur during the repair process, while complete units are added to the developing thylakoid of the ylp mutant.
The results of this work give further confidence to the reliability of the analytical method developed previously (2) , for the interpretation of the data. Thus, one can see that different derived parameters behave independently and in a logically predictable way in different experimental systems. Comparing Figures 4 and 6 , one can see the substantial differences between the development of several derived parameters in the various experimental systems. For example, in the repair of CAP-treated cells, the ratio of active light-harvesting Chl to total Chl (Chl,/Chlt) increases 3-to 7-fold. This is in complete contrast with the development of this ratio in y-1 and y-lp cells where the Chl synthesized has a constant activity. The degree of connectivity of active reaction centers to the plastoquinone pool ((3) changes only slightly (1-2x) during the repair process or during greening of the y-lp cells, but very significantly during the fast greening of the y-1 cells (20x). This behavior is more likely to occur in a rapidly developing system where many components are synthesized at slightly different times, rather than in a slowly developing system where the rate of organization is much faster than the synthesis of any component.
